Volgatitan simbirskiensis, gen. et sp. nov., is described based on a series of anterior and middle caudal vertebrae from a single individual discovered in the Lower Cretaceous (upper Hauterivian, Speetoniceras versicolor ammonite Zone) marine deposits at Slantsevy Rudnik vertebrate locality near Ulyanovsk City, Russia. The new taxon is characterized by strongly procoelous anterior and middle caudal vertebrae, a long centrum of the first caudal vertebra, a strong ventral ridge in the anterior and middle caudal vertebrae, a neural arch positioned at the anterior half of the centrum, hyposphene-hypantrum articulation in the anterior caudal vertebrae, and somphospondylous bone texture. Phylogenetic analysis places the new taxon as a lithostrotian titanosaur, a basal member of the lineage leading to the Lognkosauria. This lineage previously contained only South American taxa with body mass reaching 60-70 tons. Volgatitan gen. nov. is the first European and the geologically oldest representative of this lineage. Its body mass is estimated as 17.3 tons. Discovery of Volgatitan gen. nov. suggests that the lithostrotian lineage leading to the Lognkosauria had a wider distribution in the Early Cretaceous and became extinct everywhere except South America by the end of the Early Cretaceous.
Introduction
The Cretaceous dinosaurs of European Russia are virtually unknown because most of this territory was covered by epicontinental seas during the whole Cretaceous Period (Moskvin, 1986) . The rare dinosaur bones are found in near-shore marine sediments. These findings include an ornithopod tooth and vertebra from the Albian-Cenomanian of Belgorod Province, a poorly preserved theropod tooth and ankylosaur braincase fragment from the Maastrichtian of Volgograd Province, and a partial skeleton of ornithopod Riabininohadros weberae from the Maastrichtian of Crimea (Riabinin, 1945; Nesov, 1995; Arkhangelsky and Averianov, 2003; Averianov and Yarkov, 2004) .
Another significant discovery of Cretaceous dinosaurs in European Russia was made by one of us (VE) in 1982 during prospecting for vertebrate fossils along the right bank of the Volga River, 0.5 km south of Slantsevy Rudnik settlement, about 5 km north of Ulyanovsk City, Russia. We discovered large bones embedded in two pyritic limestone nodules. In 1984-1987 three more limestone modules with bones were found at the same places. The concretions were subsequently washed out from the outcrop by the river. The extraction of the bones from the nodules took several years. Altogether seven fragmentary vertebrae were extracted. The first three recovered vertebrae were referred to as "gigantic vertebrae" of unknown taxonomic attribution (Efimov, 1987) . In the early 1990s VE discussed these vertebrae with L. A. Nesov from Saint Petersburg State University, who suggested that they could be anterior caudals of a sauropod dinosaur. Subsequently, five vertebrae were briefly described and one (UPM 976/2) was figured in a short note (Efimov, 1997b) . These materials were tentatively attributed to the Brachiosauridae in that publication. Later, the taxonomic attribution of these specimens was changed to the Titanosauridae (Efimov, 2001; Efimov and Efimov, 2015) , although they were still referred to the Brachiosauridae in a recent publication (Efimov, 2016) . In the later publication a photograph of six vertebrae was published (Efimov, 2016: Fig. 1) . Alifanov (2012) noted that these procoelous caudal vertebrae are better referable to the Titanosauridae than to the Brachiosauridae.
The vertebrae represent successive anterior (including the first caudal) and middle caudals undoubtedly belonging to a single individual. The animal was buried in deep water marine deposits together with marine invertebrates and marine reptiles. The only other reliable Early Cretaceous records of dinosaurs in the region are fragmentary sauropod metacarpals found in the upper Hauterivian deposits 0.3 km north of Slantsevy Rudnik settlement (Efimov, 2001 (Efimov, , 2016 . In this paper we provide a detailed description of the sauropod caudal vertebrae from Slantsevy Rudnik.
The nomenclature of the vertebral fossae and laminae follows Wilson (1999 Wilson ( , 2012 and Wilson et al. (2011) . The described specimens are housed in Ulyanovsk Paleontological Museum (UPM).
Geological context
The sauropod caudal vertebrae described herein were found along the right bank of the Volga River, 500 m south of Slantsevy Rudnik Village (previously known as Zakharievskii Rudnik) in Ulyanovsk Province, Russia (Fig. 1) . The marine Lower Cretaceous section, containing a rich invertebrate fauna, has been described repeatedly in the literature (Pavlow and Lamplugh, 1892; Pavlow, 1901; Chernova, 1951; Sazonova, 1958; Glazunova, 1967 Glazunova, , 1973 Myatlyuk, 1984; Baraboshkin et al., 2001; Guzhikov, Baraboshkin, and Birbina, 2003; Blagovetshenskiy and Shumilkin, 2006a, b; Baraboshkin and Blagovetshenskiy, 2010) . The section at Slantsevy Rudnik represents the upper part of the Hauterivian with a total thickness of 38.8 m (Baraboshkin and Blagovetshenskiy, 2010) . The deposits consist of a monotonous thickness of dark gray, slightly sandy shales, interbedded with siltite beds and containing large carbonate concretions (Fig. 1) . These deposits are referred to the ammonite Speetoniceras versicolor Zone, the lower of the three ammonite zones of the upper Hauterivian (Pavlow, 1901; Glazunova, 1967; Baraboshkin and Blagovetshenskiy, 2010) . UPM 976 was found in the dark gray shales and siltites of the g-3.1 horizon, in the lower part of the Speetoniceras versicolor Zone (Fig. 1) . Besides the abundant invertebrates, the Hauterivian outcrops near Slantsevy Rudnik produced remains of marine reptiles, including the ichthyosaur Plutoniosaurus bedengensis and pliosaurids Makhaira rossica and Luskhan itilensis (Efimov, 1997a; Fischer et al., 2015 Fischer et al., , 2017 . of the transverse process in the first caudal vertebra. It differs from all sauropods except Astrophocaudia and Epachthosaurus by hyposphene-hypantrum articulations in anterior caudal vertebrae.
Systematic paleontology

Description
There are seven caudal vertebrae representing anterior and middle caudals. The centrum is procoelous, with concave anterior and deeply convex, ball-like posterior articular surfaces. The posterior articular surface is symmetrical in lateral view, with the apex centered. All vertebrae have a strong ridge on the ventral centrum surface. The neural arch is incompletely preserved or totally missing. None of the preserved vertebrae show distinct chevron facets.
UPM 976/1 (Fig. 2) is the most anterior preserved caudal, most probably the first caudal in the series based on the large and vertically expanded transverse process. The centrum is massive and relatively long, with the centrum length approximately equal to the anterior centrum height ( Table 1 ). The anterior articular surface of the centrum is teardrop-shaped. The posterior articular surface of the centrum is heart-shaped, with a concave dorsal border. In lateral view, the dorsal and ventral centrum surfaces are straight and convex, respectively.
The neural arch is confined to the anterior half of the centrum and vertical. Its anterior border is placed almost on the anterior border of the centrum. The prezygapophyses are directing anterodorsally and project completely beyond the anterior end of the centrum. The prezygapophyseal articular surfaces are slightly convex and face mediodorsally. Ventral to the prezygapophyseal facet, the medial wall of the prezygapophyseal process is distinctly concave. This concavity likely represents the hypantrum receiving a large hyposphene of the last sacral vertebra (Fig. 2E) . The posterior opening of the neural canal is eggshaped, pointed dorsally (the neural canal is obscured by matrix anteriorly). The neural canal is relatively small; its height is about one third of the posterior centrum height. Just dorsal to the neural canal there is a broken posterodorsally directing outgrowth with a wedge-shaped depression on the ventral side (Fig. 2C ). This outgrowth is likely a remnant of a large bifid hyposphene. Dorsal to the missing postzygapophyses there is a large and deep postspinal fossa, bounded laterally by the spinopostzygapophyseal laminae (Fig. 2C ). The fossa is separated medially by a wide and robust postspinal lamina, which extends ventrally to the bottom of the postspinal fossa.
The transverse process is large, dorsoventrally expanded, and laterally projecting. Its base extends between the levels of the prezygapophysis and the midheight of the centrum. The concave dorsal margin forms a distinct prezygodiapophyseal lamina (PRDL). The ventral margin of the transverse process is slightly concave.
The anterior surface of the transverse process is slightly concave. The posterior surface of the transverse process is moderately convex, without a distinct postzygapophyseal centrodiapophyseal fossa (pocdf).
In UPM 976/2 ( Fig. 3 ) the centrum length is slightly smaller than the anterior centrum height (Table 1 ). In contrast with the previous caudal, in UPM 976/2 the anterior centrum articular surface seems to be deeply incised dorsally, although this region is obscured by damage. The posterior centrum articular surface is straight dorsally (convex dorsally in UPM 976/1). The lateral centrum sides are more concave between the anterior and posterior centrum articular surfaces compared with UPM 976/1. The transverse process is more reduced; its ventral side is level with the dorsal third of the centrum. The transverse process projects laterally. UPM 976/3 (Fig. 4 ) is similar to UPM 976/2 by dorsal margin of the centrum articular surfaces deeply incised anteriorly and straight posteriorly, and by a relatively shorter centrum, with centrum length to anterior centrum articular surface height ratio of 0.89 (Table 1) . The transverse process is a blind outgrowth directed laterally and confined to the dorsal half of the centrum.
The three more posterior caudal vertebrae UPM 976/4−6 have proportionally longer centra, with centrum length to anterior centrum articular surface height ratio of 0.94, 1.22, and 1.21, respectively (Table 1 ). In UPM 976/4 ( In contrast with the other preserved caudal vertebrae, in UPM 976/5 the apex of the posterior articular surface is separated from the rest of the posterior articular surface by a slightly concave dorsal and ventral area. UPM 976/5 and 6 differs from the more anterior caudal vertebrae in having a spool-like centrum, with the ventral and dorsal centrum surfaces concave, not straight or convex (in UPM 976/6 the dorsal centrum surface is obscured by neural arch). The centrum is also more constricted laterally between the articular surfaces compared with the other caudal vertebrae. In UPM 976/5 and 6 the posterior centrum articular surface is circumscribed by a strong rim, separating the condyle from the lateral surface of the main body of the centrum, in contrast with the more anterior caudal vertebrae, which have a smooth transition between the centrum and its posterior articular surface. The neural arch occupies the anterior half of the centrum length in UPM 976/5 and likely in UPM 976/6 (the posterior margin of the neural arch is obscured by the matrix). In UPM 976/5 a small dorsoventrally compressed transverse process is directed more posteriorly than laterally. In UPM 976/6 the transverse process is about two times smaller compared with the previous caudal vertebra and directed posteroventrally. The transverse process is confined to the neural arch and placed dorsal to the centrum in both vertebrae. UPM 976/7 is a poorly preserved caudal centrum with teardrop-shaped anterior and posterior centrum articular surfaces. 
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The internal camellate bone structure is revealed by the breakage in UPM 976/4 (Fig. 5B, D) . It is composed of cells varying in size from 1−2 to several centimeters.
Measurements -see Table 1 .
Phylogenetic position of Volgatitan
For the phylogenetic analysis we used a recent matrix of sauropods, focused on Titanosauriformes, presented by González Riga et al. (2018) . We added to this matrix also the lithostrotian titanosaur Tengrisaurus recently described from the Early Cretaceous of Transbaikalia, Russia . The matrix included 86 taxa and 423 characters (one character uninformative). The multistate characters 11, 14, 15, 27, 40, 51, 104, 122, 147, 148, 177, 195, 205 and 259 are ordered. Volgatitan gen. nov. and Tengrisaurus can be scored for 31 (7.3 %) and 37 (8.8 %) characters, respectively. The scored characters for both taxa can be found in Appendix 1. In the data matrix considered, many taxa were coded as having block-like hyposphene in ante- rior caudal neural arches (character 188(1)). Actually, this character is present only in Astrophocaudia, Epachthosaurus, and Volgatitan gen. nov. (see discussion in the next section). For all other taxa the scoring of this character was changed from one to zero. The analytical protocol of the phylogenetic analyses follows that of González Riga et al. (2018) . Eight incomplete and unstable taxa were excluded from the matrix prior to the analysis (Astrophocaudia, Australodocus, Brontomerus, Fukuititan, Fusuisaurus, Liubangosaurus, Mongolosaurus, and Tendaguria) . The pruned data matrix was analyzed using the 'Stabilize Consensus' option in the 'New Technology Search' in TNT vs. 1.1 (Goloboff, Farris, and Nixon, 2008) . The memory for maximum trees was changed from default 100 to 10,000 trees. Searches were carried out using sectorial searches, drift and tree fusing, with the consensus stabilized five times, prior to using the resultant trees as the starting trees for a 'Tradi- 
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tional Search' using Tree Bisection-Reconstruction. The search produced 192 most parsimonious trees with tree length of 1771 steps, consistency index of 0.25, and retention index of 0.56. The strict consensus tree shows a good resolution within Titanosauria (Fig. 6) . As in the previous analysis (González Riga et al., 2018) , the Lithostrotia is divided into two main branches: one leading to the Saltasauridae and another to the Lognkosauria. Volgatitan gen. nov. is recovered as a basal member of the second lineage. Tengrisaurus is a non-saltasaurid lithostrotian (Fig. 6) , which is consistent with the previous phylogenetic analysis based on a different data matrix .
Volgatitan gen. nov. has the following synapomorphies for the clade ((Daxiatitan + Xianshanosaurus) + Lithostrotia) (Fig. 6 ): 27(2), anterior caudal centra posterior articular surface of centrum strongly convex; 176(1), anteriormost caudal vertebrae, camellate internal tissue structure present; 177(2), anterior caudal centra, posterior articular surface convex throughout all anterior caudal vertebrae with ribs. The synapomorphies of Volgatitan gen. nov. for the clade uniting the lineages leading to the Saltasauridae and Lognkosauria are: 184(1), middle-posterior caudal centra (at least some), posterior articular surface convex; 185(1), middle-posterior caudal centra with convex posterior articular surface: distinct rim rings the condyle, separating it from the lateral surface of the main body of the centrum.
Diagnostic characters of Volgatitan
Procoelous anterior caudal centra -In Volgatitan the anterior caudals are deeply procoelous, with a distinctly concave anterior articular surface (cotyle) and a strongly convex, ball-like posterior articular surface (condyle). The procoelous anterior caudal centra are found in the Mamenchisauridae, Flagellicaudata, and Titanosauriformes (Upchurch, 1998; Wilson, 2002; Upchurch, Barrett, and Dodson, 2004a; Curry Rogers, 2005; Sekiya, 2011; Whitlock, D'Emic, and Wilson, 2011; D'Emic, 2012; Xing et al., 2015) . However, in the Flagellicaudata (Dicraeosauridae + Diplodocidae) the anterior caudals are weakly procoelous, with a moderately convex posterior articular surface . In basal titanosauriforms the anterior caudals can be amphicoelous, platycoelous, or procoelous-opisthoplatyan (Mo et al., 2006; You, Li, Zhou, and Ji, 2006; Lü et al., 2007; González Riga, Previtera, and Pirrone, 2009; D'Emic, 2013) . The ball-like posterior articulation surface of the anterior caudals, seen in Volgatitan, is more reminiscent of strongly procoelous anterior caudal vertebrae in Mamenchisauridae and Titanosauria more derived than Andesaurus.
Procoelous middle caudal centra -In Volgatitan the middle caudal centra have the same degree of procoelity as the anterior caudal centra. This contrasts the condition of Mamenchisauridae and Flagellicaudata, where the middle caudal centra are amphicoelous or amphyplatyan (Sekiya, 2011; Xing et al., 2015) . In the basal titanosaurs Andesaurus and Malawisaurus the procoelous anterior caudal vertebrae are associated with amphicoelous or platycoelous middle caudal vertebrae (González Riga, Previtera, and Pirrone, 2009). The combination of procoelous anterior and middle caudal vertebrae is found only in advanced lithostrotians (Upchurch, Barrett, and Dodson, 2004a) .
Length of anterior caudal centra -Most sauropods have anteroposteriorly short anterior caudal centra, with the centrum length to anterior centrum height ratio around 0.5-0.6 (Upchurch, 1998; Upchurch, Barrett, and Dodson, 2004a; Upchurch and Mannion, 2009 ). This ratio is close to 1.0 in basal sauropodomorphs and some advanced titanosaurs. In Volgatitan this ratio is 0.98 in the first caudal vertebra (Table 1) . Among titanosaurs the long centrum of anterior caudal vertebrae is present in Mendozasaurus, Aeolasaurus, and Pellegrinisaurus (González Riga, Previtera, and Pirrone, 2009, Fig. 10 ).
Ventral ridge on anterior and middle caudal centra -In Volgatitan there is a prominent ventral ridge on the anterior and middle caudal centra. In advanced diplodocids and lithostrotians there is a wide and deep ventral fossa on the anterior caudal centra (Upchurch, 1998; Wilson, 2002; Upchurch, Barrett, and Dodson, 2004a ; Curry Rogers, 2005; D'Emic, 2012). In saltasaurid titanosaurs this ventral fossa is present on anterior and middle caudal centra, where it is bounded by marked ventrolateral ridges . In nonlithostrotian titanosaurs Andesaurus, Xianshanosaurus, and Dreadnoughtus at least one of the anterior caudals has a ventral ridge while in more posterior anterior caudals there is a longitudinal ventral groove bounded by ventrolateral ridges (Lü et al., 2009; Mannion and Calvo, 2011; Lacovara et al., 2014) .
Position of the neural arch on the centrum -In Volgatitan the neural arch is confined to the anterior half of the centrum in the anterior and middle caudals. This is a derived condition within the Titanosauriformes (Upchurch, Barrett, and Dodson, 2004a; Curry Rogers, 2005; D'Emic, 2012) . In a euhelopodid Huabeisaurus and in a basal titanosauriform Sauroposeidon the neural arch occupies most of the length of the centrum in the anteriormost caudal vertebrae, while it is positioned in the anterior part of the centrum in the middle caudal vertebrae (D'Emic and Foreman, 2012; D'Emic et al., 2013) . This is apparently related to the anteroposteriorly short centra of anterior caudal vertebrae in these taxa.
Hyposphene-hypantrum complex -Hyposphene-hypantrum articulation is present in the middle and posterior dorsal vertebrae of most sauropods, except Lithostrotia (Upchurch, Barrett, and Dodson, 2004a; Apesteguía, 2005) . However, in most sauropods the hyposphene-hypantrum articulation is not developed in the caudal series, where the hyposphene is replaced by the hyposphenal ridge. The only previously known sauropods which the hyposphene-hypantrum articulation extended to the caudal series are a basal titanosauriform Astrophocaudia and a basal titanosaur Epachthosaurus (Martínez et al., 2004; D'Emic, 2013) . In both taxa these additional articulations are present in anterior and middle caudal vertebrae (in caudals [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Also a small hyposphene was reported for the anterior caudal vertebrae of rebbachisaurid Demandasaurus (Torcida Fernández-Baldor et al., 2011) . In Volgatitan gen. nov. the hyposphene-hypantrum articulations is present at least on the anterior caudal vertebrae. The bifid hyposphene of Volgatitan is more similar with that of Epachthosaurus.
Hyposphenal ridge -In many sauropods the postzygapophyseal facets of anterior caudal vertebrae meet ventrally and merge into a hyposphenal ridge that extends ventrally to the top of the neural canal opening (Upchurch, 1998; Upchurch, Barrett, and Dodson, 2004a) . This ridge is lacking in Volgatitan and in a non neosauropod Cetiosaurus, in some rebacchisaurids and titanosauriforms, particularly in all known European titanosaurs (Upchurch and Martin, 2003; Díez Díaz, Pereda Suberbiola, and Sanz, 2013; Mannion, Upchurch, Barnes, and Mateus, 2013) . The absence of the hyposphenal ridge in Volgatitan is apparently correlated with development of a hyposphene on anterior caudal vertebrae.
Postspinal fossa -The postspinal fossa is located at the base of neural spine, between the postzygapophyses, in anterior caudal vertebrae (Wilson, 2002; Upchurch, Barrett, and Dodson, 2004a) . In Volgatitan the postspinal fossa is extremely large. The presence of a postspinal fossa on anterior caudal vertebrae has been considered a synapomorphy for a clade including Malawisaurus and some advanced titanosaurs (Curry Rogers, 2005) .
Dorsoventrally expanded transverse process of anterior caudal vertebrae -In Volgatitan the transverse process of the first caudal is dorsoventrally expanded and extends between the level of the prezygapophyses and the midheight of the centrum. A transversely wide fan-like transverse process of anterior caudals is considered a synapomorphy for the Diplodocoidea (Upchurch, 1998; Upchurch and Mannion, 2009; Whitlock, D'Emic, and Wilson, 2011) . It is present in the Flagellicaudata and variably occurs in the Rebbachisauridae. In Volgatitan the transverse process of the first caudal is not as wide transversely as in the diplodocoids and more similar with the condition present in the titanosaurs Mendozasaurus, Futalognkosaurus, Patagotitan and Lohuecotitan (Whitlock, D'Emic, and Wilson, 2011: Fig. 3; Díez Díaz et al., 2016; Carballido et al., 2017) .
Transverse process in middle caudal vertebraeIn sauropods the transverse process is present in the first 14−16 caudal vertebrae (Upchurch, Barrett, and Dodson, 2004a) . In some titanosaurs (Opisthocoelicaudia, Alamosaurus) the transverse process disappeared by caudal 10 (Wilson, 2002; Curry Rogers, 2005) . However, in a titanosaur Trigonosaurus the transverse process is present up to the 20th caudal vertebra (Campos, Kellner, Bertini, and Santucci, 2005) . In Volgatitan the transverse process may have persisted longer in the caudal series compared with the most other sauropods, at it is present in the middle caudal vertebrae. The transverse process is not reduced in the middle caudals also in Saltasaurus (Powell, 1992: Fig. 23) .
Internal bone structure -In Volgatitan the bone structure is evident in one middle caudal vertebra (UPM 976/4; Fig. 5B, D) . It is composed of cells varying in size from 1-2 to several centimeters. Wedel, Cifelli, and Sanders (2000) proposed classification of sauropod vertebrae based on pneumatic characters. According to these authors, both camellate and somphospondylous vertebrae have internal bone structure composed entirely of camellae, but the neural arch laminae are not reduced in the former and reduced in the later. The presence of neural arch laminae is not a pneumatic character and the use of this character for classification of internal bone structure is not helpful. Other authors consider the terms somphospondylous and camellate as synonyms . The internal structure of UPM 976/4 lacks large camerae and can be classified as som-PALAEONTOLOGY phospondylous (= camellate). The presence of somphospondylous bone texture in anterior caudal vertebrae has been considered a synapomorphy of Saltasaurinae . Anterior caudal vertebrae are somphospondylous also in a basal titanosauriform Jiutaisaurus (Whitlock, D'Emic, and .
Proportions of the first caudal centrum in Eusauropoda
As was noted in the previous section, Volgatitan gen. nov. has an unusually long centrum of the first caudal vertebrae. To further explore the significance of this character, we collected all available in the literature measurements of the first caudal centrum in eusauropod taxa. Altogether, we managed to find data on 25 taxa summarized in Table 2 . We examined these data using the principal components analysis (PCA) available in the PAST3 software (Hammer, Harper, and Ryan, 2001 ). All measurements were log 10 transformed to account for differences in size. The first and second components (PC1 and PC2) explain 95.19 % of the variance (88.48 % and 6.71 %, respectively; Table 3 ). In the PC1 and PC2 scatterplot the morphospaces of Titanosauria and non-titanosaurian Macronaria are fully separated (Fig. 7) . The morphospace of Diplodocoidea is partially overlapping with the two latter groups. The centrum length (CL) has the greatest loading on the PC2 while other measurements have slightly greater loading on the PC1 (Table 3) . Volgatitan gen. nov. is placed within the morphospace of Titanosauria, close to the derived lithostrotians Opisthocoelicaudia, Dreadnoughtus, and Patagotitan, which is consistent with its phylogenetic position recovered by the phylogenetic analysis.
Body size of Volgatitan
There are two principal methods of body mass estimate in sauropods: long bone circumference and volumetric reconstruction (Bates et al., 2015; Carballido et al., 2017) . Both these methods are not applicable for the body mass estimate in Volgatitan gen. nov. because of its incompleteness. To estimate the body mass in Volgatitan gen. nov. we use the measurements of the first caudal centrum and body mass estimates for the same specimens obtained by Table 2) . The values of body mass for Dreadnoughtus and Patagotitan are taken from Lacovara et al. (2014) and Carballido et al. (2017) , respectively; for other taxa -from Benson et al. (2014) . We use diameter of the anterior articular surface of the centrum (ACD) as a proxy of the first caudal centrum size. The ACD = (ACH + ACW) / 2, where ACH is the anterior centrum height and ACW is the anterior centrum width. The exponential fit of ACD to body mass produced the equation expressed in Fig. 8 (Bonaparte and Coria, 1993; Novas, Salgado, Calvo, and Agnolin, 2005; Lacovara et al., 2014; González Riga et al., 2016; Carballido et al., 2017) . These taxa obtained gigantic size early in the history of the lineage, at the end of the Early Cretaceous, and maintained it through the whole Late Cretaceous: Albian (Patagotitan), Cenomanian (Argentinosaurus), Coniacian-Santonian (Notocolossus), Campanian-Maastrichtian (Dreadnoughtus), and Maastrichtian (Puertasaurus).
Evolutionary History of Titanosauria
In the Early Cretaceous the three main groups of titanosauriforms dominated in geographically different areas: brachiosaurids in North America, euhelopids in Eastern Asia, and titanosaurs in Gondwana (Mannion and Calvo, 2011; D'Emic, 2012) . The lithostrotian titanosaurs split into two main groups, one which is nearly globally widespread (the clade including Saltasauridae) and another known previously to be distributed strictly in South America (the clade including Lognkosauria) (González Riga et al., 2018 had a long virtually unknown early evolutionary history in Laurasia.
